Study Objective: To determine gender and weekly differences in sleep patterns in Japanese children in junior high school. Design: A school-based study. Setting: N/A. Participants: Ninety-one children, aged 13 to 14 years, from junior high schools in Japan. Interventions: N/A. Measurements: Sleep patterns were measured using actigraphy (Actiwatch ® ) for 7 consecutive days, in parallel with daily logs and a questionnaire. Results: Girls showed better indicators of sleep and higher degrees of motionless sleep during the week. Actual sleep values and sleep efficiency were higher and the fragmentation index was lower in girls compared to in boys. On weekends, bedtime was delayed, especially for boys-11:17 PM versus 10:49 PM for girls. A higher level of activity during sleep was more evident among boys, especially during weekends. Boys also showed a higher number of nighttime awakenings. Subjective complaints such as drowsiness and desire for a longer sleep time were significantly higher for the boys. Conclusion: Our findings support the hypothesis that, during the junior high school period, the majority of sleep-quality indicators in Japanese schoolchildren were better for girls than for boys. Boys' sleep was less efficient and more fragmented during the entire week in comparison to that of the girls. These objective findings are supported by subjective assessments. Additional studies should clarify whether these disparities are culturally determined or represent a universal gender-specific characteristic.
INTRODUCTION

IN RECENT YEARS, INCREASING ATTENTION HAS BEEN ADDRESSED TO THE ANALYSIS AND INTERPRETATION OF SLEEP-WAKE PATTERNS IN SCHOOLCHILDREN, based
on actigraphy records. 1 Several studies have been directed toward systematization and achieving a better understanding of the recording of actigraphic sleep parameters 2 and their weekly variation. 3 Nevertheless, the findings related to gender differences in sleep habits have been contradictory. [4] [5] [6] Researchers have provided divergent answers because different populations have been examined in different conditions and countries. Various definitions for sleep patterns and diverse techniques have been employed, and the results have often been subject to different interpretations. Many studies in this area have been published, but only a few have examined the complexity of sleep habits in a large population of Japanese schoolchildren. 5, 7, 8 Rapid physical changes and new social demands during early adolescence have an impact on psychological development and sleep-quality parameters. 9 As a result, many researchers, teachers, and parents have noted daytime sleepiness, a daily struggle to wake up, afternoon naps, and prolonged sleep during weekends in adolescents. The interpretation of the weekly variation in sleep-wake patterns should take into account gender differences and changes imposed by socialenvironmental factors associated with the school schedule. 10 Through recruiting a large number of typical Japanese children attending a junior high school, we have examined the complexity and variation of sleep-wake patterns during a 1-week period.
METHODS
Participants
A total of 94 children, 13 to 14 years old, participated in this study. Body mass index (weight in kilograms divided by the squared height in meters) for boys was 19.8 (SD, 3.4) and for girls was 18.4 (SD, 3.0). The children were sampled from 1 typical public school, located in Toyama City, in the northwestern part of Japan. The school was chosen because it represents a typical Japanese junior high school: located in an urban area, with an indigenous population showing homogeneity, in terms of socioeconomic status, to the rest of Japan. The head teachers agreed to host the study. The school administration, children, and their parents received a description of the study and provided informed consent. All participants were enrolled from late September until the end of November 2003. The recruitment efforts led to a consent rate of approximately 82%. Data from 3 children were excluded from the study because of problems with actigraphy recording. The final group consisted of 91 subjects (44 boys, 47 girls). No children reported sleep disturbances, and 88% slept on their own, separate room; 92% slept in a sunny room, and 84% in a quiet environment. Almost all participants lived with both parents, together with grandparents in more than two thirds of cases. Most of the participants (92%) lived in a detached house. No one held a job, but all were enrolled in extracurricular activities.
Procedure and Instruments
Each child was monitored with an actigraph Actiwatch ® for 7 consecutive days (Actiwatch, Mini Mitter Co., Inc., Bend, Oregon). In order to record objective parameters of sleeping habits, we employed actigraphy, a method used to estimate sleep-wake rhythms by measurement of gross motor activity. Actigraphy is established as a valid method of assessing sleep-wake parameters in natural settings. 1, 2 The Actiwatch has been used on a variety of populations, 3, 11, 12 including children, to investigate sleep schedules and activity levels. The Actiwatch has been validated in young 11, 12 (but not all age groups) and adult populations using polysomnography as a reference standard. 14 The Actiwatch is a small, lightweight (17 g), limb-worn, activity-monitoring device. Internal memory and programming allow the Actiwatch to record and keep data for a long period of time. There is an omnidirectional sensor inside, which integrates the degree and speed of motion and produces an electric current that varies in magnitude with the intensity of activity. A high level of speed and motion produces an increase in voltage. The children were instructed to keep the Actiwatch attached for 7 consecutive days, on the nondominant wrist. Analysis of the Actiwatch data was accomplished using an Actiwatch reader, connected to a personal computer. Prior to data collection, we determined the settings (name, age, sex) and recorded parameters as follows: epoch length, 0.5 minutes, and threshold automatic sensitivity (the algorithm automatically scores an epoch as sleep if the total activity value is equal to or less than the threshold sensitivity value calculated from the mean score in the active period multiplied by K [constant = 0.888] and divided by epoch length). Seven days later, we collected the information by manually entering the bedtime and wake-up time for each day and automatically received results calculated on the algorithm. The following objective variables were computed for school nights and weekend periods: bedtime was the time at which the subject went to bed with the intention to sleep. Researchers manually set this parameter, according to the subjects' sleep diary. Sleep latency was the period of time between bedtime and the start of sleep. Sleep start was the time of sleep onset, established in the first 10-minute period in which no more than 1 epoch was scored as mobile. Sleep end was the time of sleep termination. The software examined the 10-minute period directly before the wake-up time. The last epoch with no movement was scored as the sleep end time. Wake-up was the time at which the subject left the bed. This parameter needed to be manually inputted, according to records from the sleep diary. Sleep period was the difference in time between sleep end and sleep start; actual sleep time was the amount of time between sleep start and sleep end that was scored as sleep; actual awake time was the amount of time between sleep start and sleep end that was scored as awake; sleep efficiency was an index of the amount of time in bed that was actually spent sleeping; sleep bouts were the number of continuous blocks of sleep between sleep start and sleep end; awake bouts were the number of continuous blocks of awake time between sleep start and sleep end; mean sleep bouts time was an average of the length of the blocks of continuous sleep; mean awake bouts time was an average of the length of the blocks of continuous awake periods; immobile minutes was the period of time between sleep start and sleep end in which no movement occurred; moving minutes was the period of time between sleep start and sleep end in which movement occurred; total activity score was the sum of all activity counts during the sleep period; mean activity score was the magnitude of activity on a per-epoch basis during sleep; fragmentation index was the index of restlessness; number of night awakenings was the number of periods of at least 5 minutes of continuous wakefulness separated by at least 15 minutes of sleep before and after the episode of awakening; and sleep maintenance index was the total sleep time divided by the time in bed minus the sleep latency. The study started on a Tuesday and was performed during the months of October and November 2003.
In addition to the actigraphic sleep parameters, daily sleep logs 12 were kept, and self-administered sleep questionnaires were used to obtain daily subjective information from the children. The daily sleep logs contained the following questions, with answers expressed as continuous variables for bed time, sleep latency, wake-up, and total sleep time and discontinuous variables for number of night awakenings and sleep quality. Children completed a questionnaire to assess their sleep-wake patterns that had been developed by the authors. This included the following categories: (1) bed time on school days and weekends, (2) wake-up time on school days and weekends, (3) sleep time on school days and weekends, (4) desired sleep time, (5) sleepiness, (6) sleep-latency time, (7) ease of falling asleep, (8) number of night awakenings, (9) sleep deepness, (10) feelings in the morning, (11) sleep is enough, (12) sleep quality, and (13) drowsiness. All answers were expressed as discontinuous variables on a nominal scale. The means of the sleep parameters for the 5 weekdays and 2 weekend days were used in the analyses.
Statistical Methods
The results are presented as mean ± SD. A χ 2 and Fisher exact test were used for comparison of proportions. Multiple t tests for independent samples were used to compare gender differences in actigraphic sleep patterns. SPSS (10.0 J) for Windows was used for all statistical analyses (SPSS Inc., Chicago, Ill). The α level was set at .05 for statistical significance.
RESULTS
Weekday Sleep Patterns
Weekday sleep patterns revealed differences in both sexes (Table 1) . Bedtime during school days ranged, for the complete sample, from 8:33 PM to 1:41 AM (mean 10:52 PM ± 0:54). There was no significant difference in bedtime between girls and boys. Instead, wake-up time showed a significant difference (P = .037), ranging from 5:34 AM to 7:32 AM (mean 6:40 AM ± 0:29) for boys and from 5:10 AM to 7:10 AM for girls (mean 6:28 AM ± 0:26). The actual percentage of sleep and wake time showed significant differences, with evidence for girls of longer sleep (91.5% vs 87.6% for boys) and less wake time (8.5% vs 12.4% for boys). Sleep efficiency also showed significant discrepancies, at 82.2% for boys and 86.4% for girls. There were differences in sleep indicators relating to sleep microstructure, and activity-immobility status was particularly changed toward augmented activity levels in boys. Boys spent significantly less time immobile in comparison to girls (86.7% vs 89.9%). In the same way, moving time, total activity counts, and mean activity scores indicated higher levels in the boys' group. The fragmentation index reached 25.2 for boys and 20.1 for girls. The sleep maintenance index also showed significant sex differences, with a lower index for boys (0.84) and a higher index for girls (0.89). 
Weekend Sleep Patterns
During weekends (Table 1) bedtime and wake-up time did not show significant differences. The sleep latency time was almost the same for both groups. Girls showed better values regarding actual sleep time (90.9% vs 86.1% in boys) and actual awake time (9.1% vs 13.9% in boys) (P < .001). Sleep efficiency was definitely higher among girls (85.8% vs 80.8% in boys) (P < .001). There were differences in sleep indicators relating to sleep microstructure and especially activity-immobility status that, on weekends, like those on weekdays, changed significantly (P < .001) to a higher activity level in boys, as follows: immobility time, 85.4% vs 89.0% in girls; moving time, 14.6% vs 11.0% in girls; total activity score, 9524 vs 5183 in girls. The fragmentation index showed higher values for boys (27.7) than for girls (22.7; P = .003). The sleep maintenance index registered lower values for boys than for girls (0.83 vs 0.88; P < .001).
Night-Waking Actigraph Evaluation
The average school-day night awakening recorded by actigraphy (Table 2) showed significantly (P < .001) higher values among boys. Only 39.2% of boys slept without nighttime awakening, in comparison to 67.5% of girls. During the weekend, the same tendency was observed but with a lower significance value (P = .026).
Subjective Sleep-Pattern Estimation
Subjective sleep-pattern estimation (Table 3 ) revealed a significant difference in reported wake-up time-95.7% of the girls preferred to get up before 7:00 AM in comparison to 64.4% boys; 63.8% of girls reported a sleep latency less than 10 minutes, in contrast to only 44.4% of boys (P = .049). In addition, the most interesting finding was related to the distribution of desired sleep length, as follows: 8.58 ±1.45 for boys and 8.23 ± 0.72 for girls (P = .046). Napping during the daytime was much more characteristic for the boys: only 42.2% of boys reported no drowsiness episodes, versus 68.1% of girls (P = .011).
DISCUSSION
This study presents a general overview of sleep habits and gender differences in a representative sample of Japanese children attending junior high school. To promptly detect sleep-pattern variation in schoolchildren in their natural environment, we used objective and subjective measures concomitantly. Our results provide evidence and normative data on sleep patterns and sleep microstructure, based on a large sample size (91) and prolonged (7-day) monitoring. The issue of gender differences in sleep patterns is extremely complex, and the related literature is quite contradictory. 6, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] The results of our study suggest that sleep patterns show differences between boys and girls, particularly in weekday wake-up times, weekend sleep initiation, and sleep microstructure in respect to activity-immobility balance. We found that boys have a tendency to experience later bedtime on the weekend, their sleep efficiency is lower, and their actual awake time is higher all week in comparison to that of girls; drowsiness is a common complaint during the day in boys. Instead, girls presented an early wake-up time during weekdays and a longer actual sleep time percentage during schooldays and on the weekend. Our findings coincide with previous reports by Gau 15 and Giannotti 16 of earlier wake-up times for girls in a population of junior high school students in Taiwan and Italian adolescents, respectively, as well a study by Laberge 17 of longer time in bed for girls on weekends but later weekend wake times. Interestingly, by employing actigraphy measurements, Wolfson 18 reported a significant delay in sleep offset for junior high school boys on schooldays and weekends in the United States. Biologic and social factors may detrimentally affect boys more than girls. Many researchers have found similarities expressed in later bedtime and wake-up time for boys in comparison to girls. While some studies have reported no significant gender differences in sleep patterns, 19 others have reported more frequent night awakenings, 20 shorter sleep duration, and lower sleep quality in girls, as compared to adolescent boys. 21 In a recent study, Ohida 5 identified female sex as a risk factor for sleep problems in Japanese adolescents. Even so, there is no consensus regarding gender differences in sleep parameters because different methods have been used in different populations. Many researchers have argued that the above disparities, commonly reported in adolescents' sleep patterns, are most likely explained by the higher pubertal status of girls. When objective methods are employed, girls often show better sleep parameters, as compared to boys. With the use of subjective methods, boys will certainly have better sleep-pattern indicators. In the general adult population, sleep disturbances are definitely more prevalent among women than men, but the majority of such studies are based on subjective rather than objective methods. With increasing age, this sex difference becomes more pronounced. It is essential to consider the economic and sociocultural determinants of gender differences in terms of a sleep context. The discrepancies in the gender differences of sleep problems may be explained by female psychosocial factors, especially the necessity to take care of children, and a common tendency to exaggerate complaints of sleep problems. Future studies are definitely needed to clarify how biologic and psychological factors relate to the gender differences in sleep parameters.
We also investigated the time spent in watching television and playing computer games. Although the result did not reach statistical significance, the tendency was notable: boys preferred to spend more time watching television and playing games. The differences in sleep patterns could also be attributed to differences in morning-evening types; for example, Harada 22 reported that Japanese boys were stronger evening types than girls. There is also a need to mention the previously reported 23 preference for boys to drink more caffeinated beverages in comparison to girls.
Generally speaking, girls' sleep is much more tranquil in respect to activity and movement level. Even though many studies have not found significant gender differences in night awakenings 16 and even activity level during sleep, 23 our study is valuable because it is based mainly on objective data, a long recording period, and large sample size.
Another finding of the present study is an alarming increase in the total activity score and movement time of boys. Also, their sleep maintenance index is lower than in girls. The objective findings for boys are supported by subjective estimates, especially perceived need for more sleep and drowsiness complaints. We can conclude that sleep patterns in boys tend to increase in quantitative and decrease in qualitative aspects, especially on weekends. Because academic pressure is the same for boys and girls, we can presume that sleep disturbances are much more characteristic for boys than for girls during the junior high school period. According to Carskadon, 25 the required sleep duration for adolescents to have optimal daytime alertness is between 8.25 and 9.2 hours; however, we found that boys required significantly more sleep than girls. This finding has a logical explanation: almost all sleep parameters in boys showed lower qualitative values in comparison to girls. Therefore, in order to compensate for sleep insufficiency, a larger amount of sleep is needed.
There are several limitations that should be considered in interpreting the present results. One limitation is related to the specific validation of the Actiwatch in this particular population of junior high school children. This could introduce some errors into the results. Another limitation is in regard to statistical procedures; in this study, we performed multiple comparison procedures to evaluate whether sleep parameters differ between sexes and among the days of the week, which may raise the possibility of false positives due to a type 1 error. However, because the findings from the present study are consistent with existing data 1, 3, 11, 12 and because there are significant differences in many of the sleep parameters that are not based on secondary calculations between boys and girls or among the days of the week, our findings may not be primarily attributable to false positives.
Special attention should be given to the issue of sleep fragmentation. Because the entire sample reported no sleep disturbances and no sleep problems were identified, the high level of fragmentation index and activity level could represent a manifestation of sleep disturbance, even though children, parents, and teachers were unaware of it. 7 According to many researchers 6,9,17 the transition from childhood into adolescence involves major alterations in sleep-wake behavior, especially a decrease in the amount of sleep, an increase in daytime sleepiness, and an increase in the number and duration of nighttime awakenings. All these findings are also presented in our study, especially for boys. Additional studies using both objective and subjective measures are needed to ascertain whether these differences are culturally determined or represent a universal gender-specific phenomenon.
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